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(54) Image input/output apparatus, image in 

(57) An image input/output apparatus capable of im- 
age printing and reading with simple controls, and a car- 
tridge for reading an original with a simple control. When 
a removable printhead or image reading head is at- 
tached to a common carriage to print an image on a print 
medium or read an original, a flip-flop 601 in an image 



output processing method and cartridge 

processing IC 21 inputs a printing period signal (PRTP) 
501 , and generates a reading period signal (RDP) 503 
to control reading operation in synchronization with an 
internal clock (ICLK) 502 of a scanner unit. A line sensor 
is controlled based on the generated reading period 
control signal. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to an image input/output ap- 5 
paratus, image input/output processing method and car- 
tridge and, more particularly to an image input/output 
apparatus, image input/output processing method for 
reading an original image and for printing an image on 
a print sheet and cartridge used for reading the original io 
image. 

Conventionally, a printer having a printhead for 
printing according to an ink-jet method or thermal trans- 
fer method, attached to a carriage, is used as an output 
device for a personal computer, a word processor and 1$ 
the like. The printer prints an image on a print sheet by 
scanning the carriage. 

Further, the printer disclosed in Japanese Patent 
Application Laid-Open Nos. 1-20832, 2-21712 and 
2-1711 can operate as a scanner. The printer reads an 20 
original image by using an image reading unit such as 
a CCD having a photoelectric conversion function. The 
image reading unit is mounted on the carriage in place 
of the printhead. The printer inputs the read image data 
into a personal computer, a word processor or the like. 25 

However, in the above conventional printer, the im- 
age printing width and the printing resolution of the print- 
head are somewhat different from the image reading 
width and the reading resolution of the image reading 
unit. In this case, as the printing period of image printing 30 
operation is different from the image reading period of 
image reading operation, the moving speed of the car- 
riage to move the printhead and that to move the image 
reading unit are different. This complicates controls of 
carriage motors, and increases the memory capacity for 35 
storing information necessary for these controls, thus in- 
creasing the production cost of the apparatus. 

SUMMARY OF THE INVENTION 

40 

Accordingly, it is an object of the present invention 
to provide an image input/output apparatus and image 
input/output processing method which enable image 
printing and image reading with simple control. 

It is another object of the present invention to pro- 45 
vide a cartridge used for reading an original with easy 
control. 

According to one aspect of the present invention, 
there is provided an image input/output apparatus ca- 
pable of performing an image output or original image 50 
reading by attaching either an exchangeable printhead 
for printing an image on a print medium or exchangeable 
image reading head for reading an original image to a 
carriage, comprising: a scanning unit which scans the 
carriage; print period generation means for generating 55 
a print period control signal corresponding to a period 
of driving the printhead; reading period generation 
means for generating a reading period control signal 



corresponding to a period of a reading operation by the 
image reading head, based on the printing period con- 
trol signal, wherein when reading the original image by 
attaching the image reading head to the carriage, the 
reading operation is performed based on the reading pe- 
riod control signal generated by the reading period gen- 
eration means. 

It is preferable that the printhead includes a plurality 
of print elements, the image reading head includes a 
plurality of reading elements, and a printing width cor- 
responding to the plurality of print elements of the print- 
head and a reading width corresponding to the plurality 
of reading elements of the image reading head are the 
same. 

In this case, it is more preferable that: 

a printing resol ution by the plurality of print elements 
of the printhead and a reading resolution by the plu- 
rality of reading elements of the image reading head 
are the same, 

a spatial interval of the plurality of print elements of 
the printhead and a spatial interval of the plurality 
of reading elements of the image reading head are 
the same, or 

the number of the plurality of printing elements of 
the printhead and the number of the plurality of 
reading elements of the image reading head are the 
same. 

It is also preferable that a period of the printing pe- 
riod control signal and that of the reading period control 
signal are the same. 

It is also preferable that the reading period genera- 
tion means generates the reading period control signal 
as a signal obtained by multiplying a period of the print- 
ing period control signal by an integer. By doing this, it 
is possible that a reading resolution of the image reading 
head in the reading operation is reduced to a printing 
resolution of the printhead part of an integer, using the 
reading period control signal generated by the reading 
period generation means. 

Further, as another preferred embodiment, if the 
reading period control signal is a clock pulse signal hav- 
ing a predetermined frequency it is possible that the 
read period control means generates another clock 
pulse signal whose frequency is the predetermined fre- 
quency part of an integer, and a reading resolution of 
the image reading head in the reading operation is re- 
duced to a printing resolution of the printhead part of the 
integer, using the reading period control signal generat- 
ed by the reading period generation means. 

Furthermore, as still another preferred embodi- 
ment, it is preferable that the reading period generation 
means generates the reading period control signal as a 
signal having a period obtained by dividing a period of 
the printing period control signal by an integer. By doing 
this, it is possible that a reading resolution of the image 
reading head in the reading operation is increased to 
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the integral multiple of a printing resolution of said print- 
head, by using the reading period control signal gener- 
ated by the read period generation means. 

On the other hand, if the printing period control sig- 
nal is a clock pulse signal having a predetermined fre- 
quency, it is possible that the read period control means 
generates another clock pulse signal whose frequency 
is an integral multiple of the predetermined frequency, 
and a reading resolution of the image reading head in 
the reading operation is increased to the integral multi- 
ple of a printing resolution of the printhead, by using the 
reading period control signal generated by the read pe- 
riod generation means. 

It is preferable that the image reading head in- 
cludes: a light-emitting device, such as an LED, emitting 
light on the original; and a photo-reception device, such 
as a photoelectric transducer which generates an elec- 
tric signal in accordance with received light intensity, re- 
ceiving the light which has been emitted by the light- 
emitting device and thus reflected by the original. 

As described above, in a case where the printhead 
includes a plurality of print elements, and the image 
reading head includes a plurality of reading elements, it 
may be arranged that a printing resolution by the plural- 
ity of print elements of the printhead and a reading res- 
olution by the plurality of reading elements of the image 
reading head are different from each other, and the print- 
ing resolution is neither an integral multiple of the read- 
ing resolution nor the reading resolution part of an inte- 
ger. 

In this case, it is more preferable that: 

a spatial interval of the plurality of print elements of 
the printhead and a spatial interval of the plurality 
of reading elements ol the image reading head are 
different from each other, or 
a period of the printing period control signal is nei- 
ther an integral multiple of a period of the reading 
period control signal nor a value obtained by divid- 
ing the period of the reading period control signal 
by an integer. 

By doing this, if the printing period control signal is 
a clock pulse signal having a predetermined frequency, 
and it is possible that the read period control means gen- 
erates another clock pulse signal whose frequency is 
neither the integral multiple of the predetermined fre- 
quency nor the predetermined frequency part of the in- 
teger. 

Furthermore, it is preferable that the apparatus fur- 
ther comprises regulation means for synchronizing a 
signal pulse of the reading period control signal gener- 
ated by the reading period generation means with a sig- 
nal pulse of the printing period control signal at prede- 
termined intervals. In this case, it is preferable that the 
predetermined interval is determined based on the pe- 
riod of the reading period control signal generated by 
the reading period generation means and the period of 



the printing period control signal. 

It is desirable that the above apparatus further com- 
prises a feeding unit which feeds the print medium or 
the original. 

5 It should be noted that the above-described print- 
head is an ink-jet printhead which performs printing by 
discharging ink, and the ink-jet printhead preferably has 
electrothermal transducers to generate thermal energy 
to be supplied to ink so as todischarge the ink by utilizing 

10 the thermal energy. 

According to another aspect of the present inven- 
tion, there is provided an image input/output processing 
method operative in an image input/output apparatus 
capable of performing an image output or original image 

is reading by attaching either an exchangeable printhead 
for printing an image on a print medium or exchangeable 
image reading head for reading an original image to a 
carriage and scanning the carriage, comprising: a print 
period generation step of generating a print period con- 

20 irol signal corresponding to a period of driving the print- 
head; and a reading period generation step of generat- 
ing a reading period control signal corresponding to a 
period of a reading operation by the image reading 
head, based on the printing period control signal, where- 

25 in when reading the original image by attaching the im- 
age reading head to the carriage, the reading operation 
is performed based on the reading period control signal 
generated in the reading period generation step. 

It is preferable that a period of the generated read- 

30 ing period control signal is the same as that of the print- 
ing period control signal, an integral multiple of that of 
the printing period control signal or a value obtained by 
dividing that of the printing period control signal by an 
integer. 

35 Alternatively, if the method further comprises a reg- 
ulation step of synchronizing a signal pulse of the read- 
ing period control signal with a signal pulse of the print- 
ing period control signal at predetermined intervals, it is 
preferable that a period of the generated reading period 

40 control signal is not the same as that of the printing pe- 
riod control signal, an integral multiple of that of the print- 
ing period control signal or a value obtained by dividing 
that of the printing period control signal by an integer. 
According to still another aspect of the present in- 

45 vention, there is provided a cartridge usable in an image 
input/output apparatus which performs image print and 
image reading by attaching one of the plurality of ex- 
changeable cartridge to a carriage and scanning the 
carriage, comprising: a plurality of elements arranged in 

so a predetermined resolution; and generation means for 
generating a driving period control signal indicating a 
period of driving the plurality of elements, based on a 
signal, indicating a predetermined period, generated by 
the apparatus. 

55 Note that the plurality of elements are preferably 
reading elements for reading an original. If the cartridge 
further comprises a light-emitting device, such as an 
LED, emitting light on the original, the plurality of ele- 
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merits can be photo-reception devices, such as photo- 
electric transducers which generate an electric signal in 
accordance with received light intensity, receiving the 
light emitted from the light-emitting device and reflected 
by the original. 

It is preferable that the signal indicating the prede- 
termined period is applicable to another cartridge at- 
tachable to the carriage. 

It is also noted that: 

the signal indicating the predetermined period is ca- 
pable of being supplied via the carriage; 
in a case where the plurality of elements are reading 
elements for reading an original, the cartridge func- 
tions as a reading cartridge for reading the original; 
in a case where the plurality of elements are printing 
elements for printing on a print medium, the car- 
tridge functions as a printhead, and 
the signal indicating the predetermined period is 
used for driving the printhead. 

It is preferable that a period of the driving period 
control signal generated by the generation means is the 
same as the predetermined period, an integral multiple 
of the predetermined period or the predetermined period 
part of an integer. 

On the other hand, if the cartridge further comprises 
regulation means for synchronizing the signal indicating 
the predetermined period with the driving period control 
signal at predetermined intervals, it is also preferable 
that a period of the driving period control signal is not 
the same as the predetermined period, an integral mul- 
tiple of the predetermined period or the predetermined 
period part of an integer. 

In accordance with the present invention as de- 
scribed above : upon performing an image output or orig- 
inal image reading by attaching either an exchangeable 
printhead for printing an image on a print medium or ex- 
changeable image reading head for reading an original 
image to a carriage and scanning the carriage, a print 
period control signal corresponding to a period of driving 
the printhead is generated, while a reading period con- 
trol signal corresponding to a period of a reading oper- 
ation by the image reading head is generated based on 
the printing period control signal, and the reading oper- 
ation is performed based on the generated reading pe- 
riod control signal when reading an original image by 
attaching the image reading head to the carriage. 

The present invention is particularly advantageous 
since it unnecessitates control circuits respectively for 
the printing operation and the reading operation by pro- 
viding a common control circuit. This simplifies the ap- 
paratus construction, and reduces the cost of the appa- 
ratus. 

Also, it is advantageous since an operation of read- 
ing an original is performed with simple control. 

Further, for example, the reading period control sig- 
nal is generated by multiplying the period of the printing 



6 

period control signal by an integer, and the reading res- 
olution of the image reading head is reduced to the print- 
ing resolution part of an integer by using the generated 
reading period control signal Thus, since the photo-re- 

s ception amount at the photoelectric transducer of the im- 
age reading head can be an integral multiple of that 
when the reading resolution and the printing resolution 
are the same, in reading a multivalued image, a suffi- 
cient light amount for discriminating the tone level can 

10 be obtained. 

Furthermore, even though there is a case where the 
reading period control signal corresponding to the read- 
ing resolution is neither an integral multiple of the print- 
ing period control signal corresponding to the printing 

is resolution nor that part of an integer, for example, the 
printing resolution is 360 dpi (dot/inch) while the reading 
resolution is 300 dpi, an appropriate reading period con- 
trol signal can be generated based on the printing period 
control signal by adding a simple circuit. Thus, a reso- 

20 lution required by an application software program for 
image processing or character recognition can be easily 
obtained. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
25 taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
name or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the de- 
scription, serve to explain the principles of the invention. 

35 

Fig. 1 is a perspective view showing the schematic 
structure of an image printing/reading apparatus as 
a typical embodiment of the present invention; 
Fig. 2 is a perspective view showing the construc- 

40 tion of an image reading (scanner) unit 102; 

Fig. 3 is a block diagram showing the control con- 
struction of the image printing/reading apparatus; 
Fig. 4 is an explanatory view showing the size of 
one dot printed on a print sheet and the size of one 

45 read dot; 

Fig. 5 is a timing chart showing various signals used 
for controlling printing operation and reading oper- 
ation; 

Fig. 6 is a block diagram showing the construction 
50 of a regulating circuit for a printing period signal and 
a reading period signal, included in an image 
processing IC 21 ; 

Fig. 7 is a block diagram showing the construction 
of a regulating circuit for the reading period signal 
55 when reading a tonality-oriented multivalued im- 
age; 

Fig. 8 is a block diagram showing the construction 
of a regulating circuit for the reading period signal 



30 



35 
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when reading a resolution -oriented image; 

Fig. 9 is a block diagram showing a part ol the circuit 

construction of the scanner unit 102 according to a 

modification of the embodiment; and 

Fig. 10 is a timing chart showing signals related to 

a counter circuit block and a synchronizing circuit 

block according to the modification. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

Preferred embodiments of the present invention will 
now be described in detail in accordance with the ac- 
companying drawings. 

Fig. 1 is a perspective view showing the schematic 
structure of an image printing/reading apparatus as a 
typical embodiment of the present invention. The appa- 
ratus operates as a printing apparatus to perform print- 
ing by discharging ink on a print medium such as a print 
sheet when a printhead for printing in accordance with 
an ink-jet method is mounted on a carriage. On the other 
hand, the apparatus operates as a reading apparatus to 
read an original image printed on a print medium such 
as a print sheet when an optical image reading unit 
(which is called as a "reading cartridge") is mounted on 
the carriage. Accordingly, the printhead and the image 
reading unit to be described below are removable with 
respect to the carriage, and exchanged in accordance 
with necessity. 

Note that in Fig. 1, a printhead 101 is mounted on 
a carriage 103. The printhead 101 has 128 ink discharge 
orifices arrayed in a paper-feed direction (the arrow a 
direction) of a print sheet 111 . 

In Fig. 1, reference numeral 112 denotes a paper- 
feed motor for feeding the print sheet 111; 104 and 105, 
guide shafts for holding the carriage 103 movably in the 
arrow b direction; 106, a belt; 107, a carriage motor 
which generates a driving force to scan the carriage 1 03 
along the guide shafts 1 04 and 1 05 in the arrow b direc- 
tion; 108, a flexible printer cable (FPC); 109, a print 
board on which a controller is packaged; and 110, a pa- 
per-feed roller. 

Further, the printhead 101 and the print board 109 
are electrically connected with the flexible printer cable 
(FPC) 1 08. The paper-feed roller 1 1 0, rotated by the pa- 
per-feed motor 112, feeds the print sheet 111 in the ar- 
row a direction. 

In the apparatus having the above construction, the 
image printing operation will be made as follows. 

When the carriage 103 carrying the printhead 101 
with 1 28 ink discharge orifices moves from the left to the 
right (as a forward scan) in Fig. 1 , dots are printed in up 
to 128 lines on the print sheet 111. In other words, an 
image for a print width corresponding to 128 ink dis- 
charge orifices is printed. Then : the paper-feed roller 
1 1 0 rotates to feed the print sheet 1 1 1 by a printing width 
(corresponding to 128 lines). At this time, the carriage 
103 moves from the right to the left (as a reverse scan) 



in Fig. 1 , in preparation for the next image printing by 
the carriage scanning. 

Thus, image printing to print an image on the print 
sheet 111 is performed by repeating the movements of 
s the carriage 103 and the paper feeding as above plural 
times. 

Note that in the above description, the printing op- 
eration is made by printing dots while the carriage 103 
makes the forward scan, however, it may be arranged 

10 such that dots are printed in both the forward scan and 
the reverse scan of the carriage 103. 

As described above, image reading operation is 
performed by mounting an image reading unit 102 on 
the carriage 103. 

is Fig. 2 is a perspective view showing the construc- 
tion of the image reading (scanner) unit 102. The image 
reading unit 102 reads an original image in place of the 
print sheet 111, fed by the paper-feed roller 110, per- 
forms photoelectric conversion, and outputs an electric 

20 signal. 

In Fig. 2, numeral 201 denotes an LED for exposure 
of the original to be read; 202, a field lens; 203, a mirror; 
204, a master lens; and 205, a line sensor. The reflected 
light from the original exposed by the LED 201 is guided 

25 to the line sensor 205 via the field lens 202, the mirror 
203 and the master lens 204. The line sensor 205, hav- 
ing 128-pixel photoelectric converting devices (CCDs) 
arrayed on one line, outputs an analog image signal of 
a level in correspondence with the density level of the 

30 original image. 

Next, the reading operation performed on the orig- 
inal image by the scanner unit 102 attached to the car- 
riage 103 will be described. 

The original in place of the print sheet 111 is set in 

35 a predetermined feeder or a cassette (not shown) and 
supplied to the apparatus. The paper-feed rotter 110 
feeds the original to a predetermined reading position. 
The carriage 103 carrying the scanner unit 102 moves 
from the left to the right (as the forward scan) in Fig. 1 , 

40 as described in the printing operation. By this operation, 
the original image is read by the line sensor 205 by a 
reading width corresponding to 1 28 pixels. After the for- 
ward scan of the carriage 103, the paper-feed roller 110 
rotates to feed the original by 128 pixels, and the car- 

45 rtage 1 03 moves from the right to the left (as the reverse 
scan) in Fig. 1 , in preparation for the next image reading 
by the carriage scanning. 

Thus, original image reading is performed by re- 
peating the movements of the carriage 103 and the pa- 

so per feeding as above plural times. 

Note that in the above description, the original im- 
age reading operation is made while the carriage 103 
makes the forward scan, however, it may be arranged 
such that the image reading is made in both the forward 

55 scan and the reverse scan of the carriage 103. 

Further, the moving amount of the original by the 
rotation of the paper-feed roller 1 10 is not limited to the 
128-pixel width. For example, it may be arranged such 
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that the original image is fed by 1/2 of 128 pixels, i.e., 
64 pixels, or 1/4 of 128 pixels, i.e., 32 pixels. 

Further, as described later, the scanner unit 102 has 
a binary reading mode to read an image as monochro- 
matic binary information, and multivalued reading mode 
to read an image as multivalued information of at least 
ternary representation. For example, if the image is read 
as 256 level multivalued information, each pixel is rep- 
resented by 8 bits. 

Fig. 3 is a block diagram showing the control con- 
struction of the image printing/reading apparatus. 

As described above, the printhead 101 or the scan- 
ner unit 102 is connected to a head connector 2 in ac- 
cordance with purpose of the apparatus. 

First, the operation of the apparatus as a printing 
apparatus when the printhead 101 is connected to the 
head connector 2 will be described with the functions 
and the structures of the respective constituents. 

Print data of a character, an image or the like is 
transferred from a host computer 11 via an interface (I/ 
F) 10, under the control of the host computer 11 and a 
controller 5 having a CPU. The controller 5 converts the 
received print data into bit data for printing an image on 
the print sheet 111 by the printhead 101, and stores th e 
bit data into a memory 25. Then, the controller 5 trans- 
fers the bit data from the memory 25 to the printhead 
101 via the FPC 108 and the head connector 2, and 
prints the character, image or the like on the print sheet 
111 as a dot pattern. 

Note that the controller 5 controls the rotation of the 
paper-feed motor 112 via the motor driver 6 to feed the 
print sheet 111. Further, the controller 5 drives the car- 
riage motor 107 via the motor driver 7, to move the car- 
riage 103. 

Further, a sensor 9 detects whether or not the print 
sheet 1 1 1 or the original is set in the predetermined feed- 
er or cassette (not shown), and whether or not the car- 
riage 103 is located at its start position. 

Note that the host computer 11 transfers various pa- 
rameters related to image printing and reading, as well 
as the above-described character data and image data, 
to the inter face (l/F) 10, and the controller 5 controls 
various operations for image printing and reading in ac- 
cordance with these parameters. 

Next, the operation of the apparatus as an image 
reading apparatus when the scanner unit 102 is con- 
nected to the head connector 2 will be described with 
the functions and the structures of the respective con- 
stituents. 

When the apparatus operates as an image reading 
apparatus, the scanner unit 1 02 operates similarly to the 
printhead 101 as described in the printing operation, to 
scan the original. The LED 201 included in the scanner 
unit 102 emits light on the original, and the fine sensor 
205 having a photoelectric conversion characteristic de- 
tects reflection light in correspondence with the printed 
character or image. An amplifier 19 amplifies a signal 
outputted from the line sensor 205 to a level appropriate 



to the subsequent processing, and an A/D converter 20 
converts the signal into digital data. Then, an image 
processing IC 21 performs correction and image 
processing such as shading correction and binarization 
5 processing on the digital data, and transfers the proc- 
essed data as image data to the controller 5 via the head 
connector 2. 

The image data is transferred to the host computer 
11 in accordance with a flow reverse to the flow of the 

w print data in the above -described printing operation. 
That is, the image data sent from the image processing 
IC 21 is stored into the memory 25 via the head connec- 
tor 2, the FPC 108 and the controller 5. Next, the con- 
troller 5 transmits the image data via the interface 10 to 

is the host computer 11, in synchronized transfer timing. 
At this time, the controller 5 converts the image data re- 
ceived from the image processing IC 21 into data of a 
format appropriate to the transmission processing by 
the interface 10 or a format appropriate to processing 

20 by the host computer 11 , and transmits the data. 

Note that the image processing IC 21 has an oscil- 
lator 22 to generate a clock signal for timing datatransfer 
to the controller 5 or the like. 

Next, image printing period and image reading pe- 

2S hod will be described. 

Fig. 4 is an explanatory view showing the size of 
one dot printed on a print sheet and the size of one read 
dot. 

As shown in Fig. 4, the printing period in printing 

30 operation is determined by the speed of printing with re- 
spect to a printing medium, the printing resolution, the 
number of ink discharge orifices of the printhead 101 
(the number of print dots), the printing width of the print- 
head 101 and the like. 

35 Accordingly, the image reading period can be the 
same as the printing period if the number of reading pix- 
els of the line sensor 205 in the scanner unit 102 is the 
same as the number of the printing dots of the printhead 
101 , and the reading width is the same as the value of 

40 the printing width, further, if the reading resolution is the 
same as the printing resolution. Note that the methods 
and values, used in the printing operation, as the con- 
trols of the carriage motor 1 07 and the paper-feed motor 
112 and the various control parameters, can be used in 

45 the image reading operation. 

Fig. 5 is a timing chart showing various signals used 
for controlling the printing operation and reading opera- 
tion. Fig. 6 is a block diagram showing the construction 
of a regulating circuit for a printing period signal and a 

50 reading period signal, included in the image processing 
IC 21. 

In Fig. 5, a printing period signal (PRTP) 501 , gen- 
erated by the controller 5, enters the image processing 
IC 21 of the scanner unit 102 via the head connector 2. 
55 The signal 501 enters a terminal D of a flip-flop 601 in- 
cluded in the image processing IC 21 as shown in Fig. 
6. On the other hand, an internal clock (ICLK) 502 gen- 
erated by the oscillator 22 enters a terminal C of the flip- 
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flop 601. This internal clock is synchronized with a sen- 
sor clock (SCLK) 504 as a reference clock of the image 
reading operation. The flip-flop 601 outputs the printing 
period signal (PRTP) 501 as a reading period signal 
(RDP) 503, in synchronization with the internal clock 
(ICLK) 502, from its terminal Q. 

As a result, the image processing IC 21 outputs the 
reading period signal (RDP) 503 to the line sensor 205. 
Accordingly, the image reading operation is performed 
in the period the same as that used in the printing oper- 
ation. 

When a multivalued image is read from an original 
image, the tone level is discriminated based on the in- 
tensity of reflection light from the image. Accordingly, the 
reflection light must have a sufficiently wide dynamic 
range. This means that the amount of light inputted into 
the line sensor 205 must be sufficiently large. 

In the apparatus of the present embodiment, the 
reading resolution is lowered such that a sufficient 
amount of light can be obtained by increasing the area 
per one reading pixel. In a case where the printing res- 
olution and the reading resolution of the apparatus are 
400 dpi, the reading resolution is lowered to 200 dpi 
when reading a multivalued image. That is, in the pulse 
of the reading period signal (RDP) 503, 1 pulse is 
thinned at every 2 pulses, and the thinned pulse is used 
as the reading period signal. 

More specifically, in the circuit construction as 
shown in Fig. 7, a thinning circuit 701 to double the pe- 
riod of the reading period signal (RDP) 503 is provided 
between the image processing IC 21 and the line sensor 
205. Then a thinned reading period signal (SRDP) 702 
is outputted to the line sensor 205. This doubles the 
amount of reception light at the line sensor 205, and as 
a result, doubles the level of the electric signal obtained 
as the output from the line sensor 205. Note that the 
frequency of generated pulses is reduced to half of that 
of the reading period signal (RDP) 503 by doubling the 
period of the reading period signal (RDP) 503. 

Especially, this control is effective, not in reading an 
image, represented by a relatively smaller number of 
tone-levels, where 1 pixel is represented with 4 or 8 lev- 
els, but in reading an image, represented by a relatively 
greater number of tone-levels, where 1 pixel is repre- 
sented with 64 levels or 256 levels. 

Note that the above example is described as "tonal- 
ity-oriented" image reading operation, however, in case 
of "resolution-oriented" image reading operation, the 
thinning circuit 701 in Fig. 7 is replaced by a multiplier 
801 as shown in Fig. 8. In Fig. 8, the multiplier 801 gen- 
erates a short period signal 802 having a period 1/2 of 
that of the reading period signal (RDP) 503. Further, the 
multiplier 801 generates a sensor clock having a period 
1 /2 of that of the sensor clock (SCLK) 504. The multiplier 
801 outputs these signals to the line sensor 205 for read- 
ing operation. Note that the frequency of generated 
pulses becomes double by reducing the periods of the 
reading period signal (RDP) 503 and the sensor clock 



(SCLK) 504 to half of these. 

This enables high-resolution image reading. 
Accordingly, in the present embodiment as de- 
scribed above, in image reading operation, the reading 

5 resolution and the reading width of the line sensor are 
the same as the printing resolution and the printing 
width, and the reading period signal is generated based 
on the printing period signal used as a printing signal in 
printing operation. Accordingly, the image printing and 

io image reading can be performed with a simple construc- 
tion and control without performing complicated control. 

Further, even though all the reading width, the 
number of reading pixels and the reading resolution are 
not the same as the printing width, the number of printing 

f5 dotsandthe printing resolution, the differences between 
the values can be adjusted by adding a simple thinning 
circuit or a multiplier if the various values in the reading 
operation are integral multiples of the various values in 
the printing operation or these values part of an integer. 

20 in printing apparatuses, some apparatuses have a 
printing resolution of 360 or 180 dpi as their reference 
resolution. On the other hand, the reading resolution of 
flat bed scanners or the like is usually 300 or 200 dpi, 
since the resolution of 300 or 200 dpi is required for 

25 processing by image-processing and character- recog- 
nition application software programs. 

As the reading resolution of the above scanner as 
the image reading apparatus is not an integral multiple 
of the printing resolution of the above printing apparatus 

30 nor the printing resolution part of an integer, the reading 
and printing cannot be adjusted by merely generating a 
reading period signal having a period which is an inte- 
gral multiple of a printing period signal or the printing 
period signal part of an integer as described above. 

35 Accordingly, as a modification to the above embod- 
iment, adjustment can be made by constructing a circuit 
as follows. 

Fig. 9 is a block diagram showing a part of the circuit 
construction of the scanner unit 102 according to the 

40 modification of the embodiment. Fig. 9 especially shows 
the construction between the line sensor 205 and the 
image processing IC 21 . 

As shown in Fig. 9, this modification provides a 
counter circuit block 901 which counts a predetermined 

45 time period of the reading period signal (RDP) 503 
based on the internal clock (ICLK) 502, and a synchro- 
nizing circuit block 902 which synchronizes the reading 
period signal (RDP) 503 with an output count value from 
the counter circuit block 901 based on the sensor clock 

50 (SCLK) 504, between the line sensor 205 and the image 
processing IC 21 . 

Hereinafter, the operation of the circuits according 
to the modification will be described with reference to 
the signal timing chart of Fig. 1 0, on the premise that the 

55 printing resolution of the printing apparatus is 360 dpi 
and the reading resolution of the scanner is 300 dpi. 

As described above, the image processing IC 21 
generates the reading period signal (RDP) 503 corre- 
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sponding to the reading period of the 360 dpi resolution 
(T360 in Fig 10), and inputs the signal into the counter 
circuit block 901. The counter circuit block 901 counts 
the signal width of the input signal based on the internal 
clock (ICLK) 502, and generates a pulse corresponding 
to the reading period of the 300 dpi resolution (T300 in 
Fig 10), thus generating a reading period signal (RDP') 
903. Then, the counter circuit block 901 outputs the 
reading period signal (RDP') 903 into the synchronizing 
circuit block 902. 

Next, in order to ensure higher reading precision, 
the synchronizing circuit block 902 inputs the reading 
period signal (RDP) 503 and the sensor clock (SCLK) 
504, and synchronizes a signal to be outputted as a 
reading period signal (RDP") 904 with the pulse of the 
reading period signal (RDP) 503 from the image 
processing IC 21 and the pulse of the sensor clock 
(SCLK) 504, as represented with a broken line in Fig 1 0. 

The relation between the period (T360) of the read- 
ing period signal (RDP) 503 of 360 dpi resolution and 
the period (T300) of the reading period signal (RDP 1 ) 
903 of 300 dpi resolution is T360 : T300 = 5.6. Accord- 
ingly, the pulse of the reading period signal (RDP) 503 
of 360 dpi resolution is synchronized, once per 5 pulses 
of the reading period signal (RDP") 904 of 300 dpi res- 
olution outputted from the synchronizing circuit block 
902. 

Accordingly, in the modification as described above, 
even if the reading resolution of the image reading ap- 
paratus is not an integral multiple of the printing resolu- 
tion of the printing apparatus nor the printing resolution 
part of an integer, the reading period signal can be gen- 
erated from the printing period signal by providing the 
counter circuit block to count the predetermined time pe- 
riod of the reading period signal (RDP) and the synchro- 
nizing circuit block to synchronize the reading period 
signal (RDP) 503 with the reading period signal (RDP"), 
between the image processing IC 21 and the line sensor 
205. 

Note that, in the above-described embodiment, an 
example where a circuit for generating a reading period 
signal is provided in the scanner unit 102 as shown in 
Fig. 3 is described. However, this invention is not limited 
to this. For example, this invention is also applicable to 
a case where the same circuit is integrated in the image 
printing/reading apparatus, and if a scanner unit is 
mounted on a carriage, a reading period signal is gen- 
erated based on a printing period signal. Accordingly, 
the construction of the scanner unit can be simplified by 
integrating the circuit for generating the reading period 
signal in the image printing/reading apparatus. 

Also, as described above, according to the con- 
struction in which a circuit for generating a reading pe- 
riod signal is provided in the scanner unit 102, regard- 
less of the type of a unit mounted on a carriage, the im- 
age printing/reading apparatus merely outputs a printing 
period signal to the mounted unit via the carnage. This 
enables the apparatus to perform an image printing op- 



eration and image reading operation without complicat- 
ing the control of the apparatus. 

Furthermore, in the above-described embodiment, 
an apparatus designed for mainly printing an image, that 

5 is, a printing apparatus to which an image reading func- 
tion is added, is exemplified. However, this invention is 
not limited to this. For example, this invention is appli- 
cable to an apparatus designed for mainly reading an 
image, that is, an image reading apparatus to which an 

10 image printing function is added. In this case, it may be 
arranged that an apparatus first generates a reading pe- 
riod signal for an image reading, and further generates 
a print period signal based on the reading period signal 
only if an image printing is to be performed, using a print- 

15 head. 

The embodiment described above has exemplified 
a printer, which comprises means (e.g., an electrother- 
mal transducer, laser beam generator, and the like) for 
generating heat energy as energy utilized upon execu- 
te tion of ink discharge, and causes a change in state of 
an ink by the heat energy, among the ink-jet printers. 
According to this ink-jet printer and printing method, a 
high-density, high-precision printing operation can be 
attained. 

25 As the typical arrangement and principle of the ink- 

jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of the so-called on-de- 

30 mand type or a continuous type. Particularly, in the case 
of the on-demand type, the system is effective because, 
by applying at least one driving signal, which corre- 
sponds to printing information and gives a rapid ternper- 
ature rise exceeding film boiling, to each of electrother- 

35 rnal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 
ergy is generated by the electrothermal transducer to 
effect film boiling on the heat acting surface of the print- 
head, and consequently, a bubble can be formed in the 

40 liquid (ink) in one-to-one correspondence with the driv- 
ing signal. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 
at least one droplet is formed. If the driving signal is ap- 
plied as a pulse signal, the growth and shrinkage of the 

45 bubble can be attained instantly and adequately to 
achieve discharge of the liquid (ink) with the particularly 
high response characteristics. 

As the pulse driving signal, signals disclosed in U. 
S. Patent Nos. 4,463,359 and 4,345,262 are suitable. 

so Note that further excellent printing can be performed by 
using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heat acting surface. 

As an arrangement of the printhead, in addition to 

55 the arrangement as a combination of discharge nozzles, 
liquid channels, and electrothermal transducers (linear 
liquid channels or right angle liquid channels) as dis- 
closed in the above specifications, the arrangement us- 
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ing U.S. Patent Nos. 4,553,333 and 4,459,600, which 
disclose the arrangement having a heat acting portion 
arranged in a flexed region is also included in the 
present invention. In addition, the present invention can 
be effectively applied to an arrangement based on Jap- 
anese Patent Laid-Open No. 59-123670 which disclos- 
es the arrangement using a slot common to a plurality 
of electrothermal transducers as a discharge portion of 
the electrothermal transducers, or Japanese Patent 
Laid-Open No. 59-138461 which discloses the arrange- 
ment having an opening for absorbing a pressure wave 
of heat energy in correspondence with a discharge por- 
tion. 

Furthermore, as a full line type printhead having a 
length corresponding to the width of a maximum printing 
medium which can be printed by the printer, either the 
arrangement which satisfies the full-line length by com- 
bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single printhead 
obtained by forming printheads integrally can be used. 

In addition, an exchangeable chip type printhead 
which can be electrically connected to the apparatus 
main unit and can receive an ink from the apparatus 
main unit upon being mounted on the apparatus main 
unit or a cartridge type printhead in which an ink tank is 
integrally arranged on the printhead itself can be appli- 
cable to the present invention. 

It is preferable to add recovery means for the print- 
head, preliminary auxiliary means, and the like provided 
as an arrangement of the printer of the present invention 
since the printing operation can be further stabilized. Ex- 
amples of such means include, for the printhead, cap- 
ping means, cleaning means, pressurization or suction 
means, and preliminary heating means using electro- 
thermal transducers, another heating element, or a 
combination thereof. It is also effective for stable printing 
to provide a preliminary discharge mode which performs 
discharge independently of printing. 

Furthermore, as a printing mode of the printer, not 
only a printing mode using only a primary color such as 
black or the like, but also at least one of a multicolor 
mode using a plurality of different colors or a full-color 
mode achieved by color mixing can be implemented in 
the printer either by using an integrated printhead or by 
combining a plurality of printheads. 

Moreover, in each of the above-mentioned embod- 
iments of the present invention, it is assumed that the 
ink is a liquid. Alternatively, the present invention may 
employ an ink which is solid at room temperature or less 
and softens or liquefies at room temperature, or an ink 
which liquefies upon application of a use printing signal, 
since it is a general practice to perform temperature con- 
trol of the ink itself within a range from 30°C to 70°C in 
the ink-jet system, so that the ink viscosity can fall within 
a stable discharge range. 

In addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 
for causing a change in state of the ink from a solid state 



to a liquid state, or to prevent evaporation of the ink, an 
ink which is solid in a non-use state and liquefies upon 
heating may be used. In any case, an ink which liquefies 
upon application of heat energy according to a printing 

5 signal and is discharged in a liquid state, an ink which 
begins to solidify when it reaches a printing medium, or 
the like, is applicable to the present invention. In this 
case, an ink may be situated opposite electrothermal 
transducers while being held in a liquid or solid state in 

10 recess portions of a porous sheet or through holes, as 
described in Japanese Patent Laid-Open No. 54-56847 
or 60-71260. In the present invention, the above-men- 
tioned film boiling system is most effective for the above- 
mentioned inks. 

is In addition, the ink-jet printer of the present inven- 
tion may be used in the form of a copying machine com- 
bined with a reader, and the like, or a facsimile appara- 
tus having a transmission/reception function in addition 
to an image output terminal of an information processing 

20 equipment such as a computer. 

The present invention can be applied to a system 
constituted by a plurality of devices (e.g. , host computer, 
interface, reader, printer) or to an apparatus comprising 
a single device (e.g., copy machine, facsimile). Further- 

25 more, the invention is also applicable to a case where 
the object of the invention is attained by supplying a pro- 
gram to a system or apparatus. 

As many apparently widely different embodiments 
of the present invention can be made without departing 

30 from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 
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55 



An image input/output apparatus capable of per- 
forming an image output or original image reading 
by exchangeably attaching either a printhead for 
printing an image on a print medium or image read- 
ing head for reading an original image to a carriage, 
comprising: 

a scanning unit which scans said carriage; 
print period generation means for generating a 
print period control signal corresponding to a 
period of driving said printhead; 
reading period generation means for generat- 
ing a reading period control signal correspond- 
ing to a period of a reading operation by said 
image reading head, based on the printing pe- 
riod control signal, 

wherein when reading the original image by at- 
taching said image reading head to the car- 
riage, the reading operation is performed based 
on the reading period control signal generated 
by said reading period generation means 
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2. The apparatus according to claim 1 , wherein 

said printhead includes a plurality of print ele- 
ments, 

said image reading head includes a plurality of 
reading elements, and 

a printing width corresponding to the plurality 
of print elements of said printhead and a read- 
ing width corresponding to the plurality of read- 
ing elements of said image reading head are 
the same. 

3. The apparatus according to claim 2, wherein a print- 
ing resolution by the plurality of print elements of 
said printhead and a reading resolution by the plu- 
rality of reading elements of said image reading 
head are the same. 

4. The apparatus according to claim 2, wherein a spa- 
tial interval of the plurality of print elements of said 
printhead and a spatial interval of the plurality of 
reading elements of said image reading head are 
the same. 

5. The apparatus according to claim 2, wherein the 
number of the plurality of printing elements of said 
printhead and the number of the plurality of reading 
elements of said image reading head are the same. 

6. The apparatus according to claim 1 , wherein a pe- 
riod of the printing period control signal and that of 
the reading period control signal are the same. 

7. The apparatus according to claim 1 , wherein said 
reading period generation means generates the 
reading period control signal as a signal obtained 
by multiplying a period of the printing period control 
signal by an integer. 

8. The apparatus according to claim 7, wherein a read- 
ing resolution of said image reading head in the 
reading operation is reduced to a value obtained by 
dividing a printing resolution of said printhead by an 
integer, using the reading period control signal gen- 
erated by said reading period generation means. 

9. The apparatus according to claim 1, wherein the 
reading period control signal is a clock pulse signal 
having a predetermined frequency, and 

said read period control means generates an- 
other clock pulse signal whose frequency is a value 
obtained by dividing the predetermined frequency 
by an integer. 

1 0. The apparatus according to claim 9, wherein a read- 
ing resolution of said image reading head in the 
reading operation is reduced to a value obtained by 
dividing a printing resolution of said printhead by the 



integer, using the reading period control signal gen- 
erated by said reading period generation means. 

11. The apparatus according to claim 1 , wherein said 
5 reading period generation means generates the 

reading period control signal as a signal having a 
period obtained by dividing a period of the printing 
period control signal by an integer. 

10 12. The apparatus according to claim 11, wherein a 
reading resolution of said image reading head in the 
reading operation is increased to the integral multi- 
ple of a printing resolution of said printhead, by us- 
ing the reading period control signal generated by 

15 said read period generation means. 

13. The apparatus according to claim 1, wherein the 
printing period control signal is a clock pulse signal 
having a predetermined frequency, and 

20 said read period control means generates an- 

other clock pulse signal whose frequency is an in- 
tegral multiple of the predetermined frequency. 

14. The apparatus according to claim 13, wherein a 
25 reading resolution of said image reading head in the 

reading operation is increased to the integral multi- 
ple of a printing resolution of said printhead, by us- 
ing the reading period control signal generated by 
said read period generation means. 

30 

15. The apparatus according to claim 1 , wherein said 
image reading head includes: 

a light-emitting device emitting light on the orig- 
35 inal; and 

a photo-reception device receiving the light 
which has been emitted by said fight-emitting 
device and thus reflected by the original. 

40 16. The apparatus according to claim 15, wherein 

said light-emitting device is an LED, and 
said photo-reception device is a photoelectric 
transducer which generates an electric signal 
45 jn accordance with received light intensity. 

17. The apparatus according to claim 1 , wherein 

said printhead includes a plurality of print ele- 
so ments, 

said image reading head includes a plurality of 
reading elements, 

a printing resolution by the plurality of print el- 
ements of said printhead and a reading resolu- 
55 tion by the plurality of reading elements of said 

image reading head are different from each oth- 
er, and 

the printing resolution is neither an integral mul- 
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tipte of the reading resolution nor a value ob- 
tained by dividing the reading resolution by an 
integer. 

18. The apparatus according to claim 17, wherein a 
spatial interval of the plurality of print elements of 
said printhead and a spatial interval of the plurality 
of reading elements of said image reading head are 
different from each other. 

19. The apparatus according to claim 17, wherein a pe- 
riod of the printing period control signal is neither 
an integral multiple of a period of the reading period 
control signal nor a value obtained by dividing the 
period of the reading period control signal by an in- 
teger. 

20. The apparatus according to claim 19, wherein the 
printing period control signal is a clock pulse signal 
having a predetermined frequency, and 

said read period control means generates an- 
other clock pulse signal whose frequency is neither 
the integral multiple of the predetermined frequency 
nor the value obtained by dividing the predeter- 
mined frequency by the integer. 

21. The apparatus according to claim 19, further com- 
prising regulation means for synchronizing a signal 
pulse of the reading period control signal generated 
by said reading period generation means with a sig- 
nal pulse of the printing period control signal at pre- 
determined intervals. 

22. The apparatus according to claim 21 , wherein said 
predetermined interval is determined based on the 
period of the reading period control signal generat- 
ed by said reading period generation means and the 
period of the printing period control signal. 

23. The apparatus according to claim 1, further com- 
prising a feeding unit which feeds the print medium 
or the original. 

24. The apparatus according to claim 1 , wherein said 
printhead is an ink-jet printhead which performs 
printing by discharging ink. 

25. The apparatus according to claim 24, wherein said 
ink-jet printhead has electrothermal transducers to 
generate thermal energy to be supplied to ink so as 
to discharge the ink by utilizing the thermal energy. 

26. An image input/output processing method opera- 
tive in an image input/output apparatus capable of 
performing an image output or original image read- 
ing by exchangeably attaching either a printhead for 
printing an image on a print medium or image read- 
ing head for reading an original image to a carriage 
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and scanning the carriage, comprising: 

a print period generation step of generating a 
print period control signal corresponding to a 
period of driving said printhead; and 
a reading period generation step of generating 
a reading period control signal corresponding 
to a period of a reading operation by said image 
reading head, based on the printing period con- 
trol signal, 

wherein when reading the original image by at- 
taching said image reading head to the car- 
riage, the reading operation is performed based 
on the reading period control signal generated 
in said reading period generation step. 



27. The method according to claim 26, wherein 

a period of the generated reading period con- 
trol signal is the same as that of the printing period 
20 control signal, an integral multiple of that of the print- 
ing period control signal or a value obtained by di- 
viding that of the printing period control signal by an 
integer. 

25 28. The method according to claim 26, further compris- 
ing a regulation step of synchronizing a signal pulse 
of the reading period control signal with a signal 
pulse of the printing period control signal at prede- 
termined intervals, wherein 

30 a period of the generated reading period con- 

trol signal is not the same as that of the printing pe- 
riod control signal, an integral multiple of that of the 
printing period control signal or a value obtained by 
dividing that of the printing period control signal by 

35 an integer. 

29. The method according to claim 26, wherein said 
printhead is an ink-jet printhead which performs 
printing by discharging ink. 



40 



45 



30. The method according to claim 29, wherein said ink- 
jet printhead has electrothermal transducers to gen- 
erate thermal energy to be supplied to ink so as to 
discharge the ink by utilizing the thermal energy. 



31. A cartridge usable in an image input/output appa- 
ratus which performs image print and image read- 
ing by attaching one of the plurality of exchangeable 
cartridge to a carriage and scanning the carriage, 
so comprising: 

a plurality of elements arranged in a predeter- 
mined resolution; and 

generation means for generating a driving pe- 
55 riod control signal indicating a period of driving 

the plurality of elements, based on a signal, in- 
dicating a predetermined period, generated by 
the apparatus. 
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32. The cartridge according to claim 31 , wherein said 
plurality of elements are reading elements for read- 
ing an original. 

33. The cartridge according to claim 31, further com- 
prising a light-emitting device emitting light on the 
original, wherein said plurality of elements are pho- 
to-reception devices receiving the light emitted from 
said light-emitting device and reflected by the orig- 
inal. 

34. The cartridge according to claim 33, wherein 

said light-emitting device is an LED, and 
said plurality of elements are photoelectric 
transducers which generate an electric signal 
in accordance with received light intensity. 

35. The cartridge according to claim 31, wherein the 
signal indicating the predetermined period is appli- 
cable to another cartridge attachable to the car- 
riage. 

36. The cartridge according to claim 31, wherein the 
signal indicating the predetermined period is capa- 
ble of being supplied via the carriage, 

in a case where said plurality of elements are 
reading elements for reading an original, said 
cartridge functions as a reading cartridge for 
reading the original, 

in a case where said plurality of elements are 
printing elements for printing on a print medium, 
said cartridge functions as a printhead, and 
the signal indicating the predetermined period 
is used for driving said printhead. 

37. The cartridge according to claim 31 , wherein a pe- 
riod of the driving period control signal generated 
by said generation means is the same as the pre- 
determined period, an integral multiple of the pre- 
determined period or a value obtained by dividing 
the predetermined period by an integer 

38. The cartridge according to claim 31 , further com- 
prising regulation means for synchronizing the sig- 
nal indicating the predetermined period with the 
driving period control signal at predetermined inter- 
vals, wherein 

a period of the driving period control signal is 
not the same as the predetermined period, an inte- 
gral multiple of the predetermined period or a value 
obtained by dividing the predetermined period by 
an integer. 

39. Apparatus capable of both printing and scanning 
comprising means for controlling a scanning period 
of a scan head in accordance with a print period of 



a print head. 

40. A cartridge adapted for use in an apparatus in ac- 
cordance with claim 39 having means for receiving 

5 a control signal from the apparatus to control a 
scanning or printing period of the cartridge. 

41. Apparatus capable of both printing and scanning 
having the features recited in any combination of 

10 claims 1 to 25. 
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FIG. 3 
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